The purpose of this study was to investigate the effect of packaging film on physicochemical properties, microbial profile, and biogenic amines content of barramundi (Lates calcarifer Bloch) fillets packed in polyamide, polypropylene, and low-density polyethylene films and kept at 8°C more than 20 days under modified atmosphere packaging. Putrescine and cadaverine were the most abundant amines, whereas the concentration of histamine ranged from less than 0.5 (not detected) to 198.0, 264.3, and 308.5 mg/kg for polyamide, polypropylene, and polyethylene (low-density polyethylene) films, respectively. Among the three, the psychrotrophic bacteria count was initially 4.26 log colony forming units/g and exceeded the acceptable limit of 7 log colony forming units/g on the 16th day of storage for polyamide and on 12th day of storage for polypropylene and polyethylene. However, the total plate count, among the three packaging films, was initially 3.54 log colony forming units/g and exceeded the acceptable limit of 6 log colony forming units/g on the 12th day of storage. The histamine-forming bacteria count was significantly (p < 0.05) lower in barramundi fillets packaged with polyamide compared to polypropylene and polyethylene. The significant difference (p < 0.05) was observed between the concentration of amines in polyamide as compared with polypropylene and polyethylene. Among the three packaging materials, polyamide was found to be the best for prolonging the storage of barramundi fillets.
INTRODUCTION
Packaging polymers, such as plastics, have become the material of choice in many food packaging applications. [1] One of the functions of packaging materials is to preserve the packaged goods; however, the extension of the storage period is dependent on the properties of the packaging materials and foods. [1] There are three major advantages of using packaging plastic: variety, versatility, and efficiency. [2] The most commonly used polymers for food packaging are polyethylene (PE; low-density polyethylene [LDPE] and high-density polyethylene [HDPE] ), polypropylene (PP), polystyrene (PS), polyvinylchloride (PVC), polyethylene terephthalate (PET), ethylene vinyl alcohol copolymer (EVOH), ethylene vinyl acetate (EVA), and polyamide (PA). [3] PE is the most frequently used polymer in food-packaging applications due to the low cost, easy availability, high-pressure polymer, easy heat sealing, toughness, high elasticity, and good mechanical properties. [1, 2] PP is ranked third in bulk plastic production after PE and PVC and is one of the lightest thermoplastics having good water vapor barrier, and heat resistance properties, and low temperature resistance. Nylon is a generic name for a family of PA thermoplastic. It is the common name of PA used for food-packaging films, which have good gas barrier, puncture, and heat-resistance properties. [1, 2] The amount of gas transmission through a packaging material depends on various factors, such as the type, size, thickness, and gas permeability properties of the film and differences in the partial pressure on both sides of the film and storage temperature. [4] Packaging film with different qualities and thicknesses affect gas composition and respiratory metabolism of the commodity inside the package. [4, 5] Several investigations have documented the effects of packaging materials on microbiological, physiological, and chemical qualities of fruits such as strawberries, [6] carrots, [7] fresh-cut salad savoy, [8] fresh ginseng, [4] and meat, [9, 10] octopus (Octopus vulgaris; PE/PA) barrier bags, [11] salmon (placed in bio-oriented PA bags with a base of three layers of polyolefins) bags. [12] In ideal condition, the usage of high-barrier packaging film, such as PA, might extend the storage period of foods but on cost considerations is overlooked (three to four times higher than other films such as PE and PP), at the cost of storage life. However, not much research has been done on the use of modified atmosphere packaging (MAP) to extend the storage life of fresh fish fillets such as barramundi on biogenic amine formation. Therefore, the objective of this study was to investigate the effects of MAP using different packaging films on the quality attribute of fresh barramundi fillets kept at 8°C.
MATERIALS AND METHODS

Experimental Design
A total of 54 barramundi fillets obtained from 27 fish (average weight of 0.5 kg) were purchased from local wet market, Selangor D.E. Malaysia and transported on ice to the laboratory. Upon arrival, they were immediately decapitated and filleted manually and randomly divided into three equal groups. All fish used in the study were within 5 h of landing. Two pieces of fillets were obtained from each fish. Three different packaging films, that is, PA, PP, and PE, were selected, and 18 fillets were packed individually in each packaging film, follow-up flushed with 75% carbon dioxide [CO 2 ]/10% O 2 /15% N 2 (food grade) inside the package (Multivac packaging, GOOD-And-WELL, Taiwan; Gas/Product 2:1) and sealed immediately. The gas composition (O 2 and CO 2 ) was analyzed using a CheckMate gas-analyzer (PBI Dansensor MAP Mix 9001 ME, USA) in triplicate. The fillets were kept at 8°C for 20 days and sampled periodically at 4-day intervals.
Properties of Packaging Film
The material was made of PA (thickness, 0.09 mm; dimension, 220 × 300 mm) and had an O 2 
Biogenic Amine Determination
Biogenic amine analysis was done according to the method of Bakar et al., [13] and Yassoralipour et al. [14] Samples were homogenized in a Waring blender (Model 32BL79, USA) and 5 g samples were transferred to 50 mL centrifuge tubes and homogenized with 20 mL 6% trichloroacetic acid (TCA) solution for 3 min. The homogenates were then centrifuged at 8000 × g for 10 min in a refrigerated high-speed centrifuge (KUBOTA7800) and the supernatant was filtered through Whatman No. 1 filter paper (Whatman, Maidstone, UK). The filtrates were then placed in volumetric flasks and 6% TCA was added to achieve a final volume of 50 mL. After which, an aliquot of each extract was derivatized with benzoyl chloride using the same procedure as the benzoylation of the standard amine solution. Amines were determined using a Perkin Elmer liquid chromatograph (Perkin Elmer Series 200, USA) system which was equipped with an ultraviolet-visible (UV-Vis) detector, liquid chromatography (LC) Chromato-integrator and Vacuum Degasser. A Lichrospher 100 RP-18 reserved-phase column (5 μm, 150 × 4.6 mm I.D., Merck) was used for the peak separation which was detected at 254 nm. The gradient elution program was set at 0.8 mL/min, starting with a methanolwater mixture (50:50, v/v) for 0.5 min and the program preceded linearly to methanol-water (85:15, v/ v) at a flow rate of 0.8 mL/min over 6.5 min. This was followed by the same composition and flow rate for 5 min, then a decrease over 2 min to methanol-water (50:50, v/v) at a flow rate of 0.8 mL/min. [13] 
Microbiological Analysis
Total plate count (TPC) and psychrotrophic bacterial counts were determined according to the Association of Official Analytical Chemists (AOAC). [15] Twenty-five grams of the samples were aseptically weighed and homogenized in stomacher bags (BagMixer ® 400, Model P) with 225-mL sterile peptone water for 1 min. The homogenized samples were serially diluted using 9-mL peptone water. Further serial dilutions were made, and 0.1 mL of each dilution was pipetted onto the surface of plate count agar (Merck), in triplicate, after which, they were incubated for 2 days at 30°C for TPC and one week at 8°C for psychrotrophic bacteria. The enumeration of histamine-forming bacteria (HFB) was carried out according to the procedure of Niven's, [16] and anaerobic bacteria were enumerated on tryptose sulphite cycloserine (TSC) agar and incubated anaerobically in anaerobic jars at 30°C for 5 days. [17, 18] Total Volatile Basic-Nitrogen (TVB-N)
The TVB-N content of barramundi fillet was determined according to the method of Goulas and Kontominas [19] and expressed as mg TVB-N per 100 g muscle. A 10 g sample of fish fillet was mixed with 50 mL of distilled water using a Moulinex mixer. The mixture was quantitatively transferred with 200 mL of distilled water into a 500 mL round bottom flask and was distilled after the addition of 2 g of MgO and one drop of silicone to prevent foaming. A 250 mL Erlenmeyer flask containing 25 mL of 3 % aqueous solution of boric acid, 0.04 mL of methyl red and methylene blue mixed indicators for the titration of ammonia was used as the distillate receiver. Distillation was continued until a final volume of 125 mL of distillate was BIOGENIC AMINE, PHYSICO-CHEMICAL, AND MICROBIAL ANALYSIS obtained. The boric acid solution turned green when it was made alkaline by the distilled TVB-N. This was titrated with an aqueous 0.1 N hydrochloric acid solution. Complete neutralization was achieved when the color of the distillate turned pink upon addition of a further drop of hydrochloric acid. The quantity of TVB-N in mg N/100 g of fish fillet was calculated from the volume (V) of hydrochloric acid added and its concentration (C) as follows:
Statistical Analysis
All data collected were analyzed using analysis of variance (ANOVA) to determine the effect of packaging films and storage time on the parameters measured in the packaged barramundi fillets. Tukey's test was used for mean comparison when a significant variation was found through the ANOVA test using SPSS software for Windows (SPSS Inc., 2008).
RESULTS AND DISCUSSION
Biogenic Amine Content Table 1 and Fig. 1 summarize the content of biogenic amines in the fillet in different packaging materials stored at 8°C for 20 days. Histamine was not detected on day 0 but increased to 198.03, 264.34, and 308.50 mg/kg at the end of the period (20 days) in PA, PP, and PE, respectively (Fig. 1a) . After 16, 12, and 8 days of storage, the histamine content in PA, PP, and PE was greater than 50 mg/kg of histamine, the permissible limit by the U.S. Food and Drug Administration [20] for scombroid fish and/or products. The presence of cadaverine and putrescine may synergistically enhance histamine toxicity by inhibiting histamine-metabolizing enzymes such as diamineoxidase and histamine methyltransferase. [21] A significant increase (p < 0.05) was observed in the content of cadaverine and putrescine throughout storage. These two amines were the two most abundant amines found in all the packaged fillets. At the end of storage, the values of cadaverine and putrescine were 284.5 and 219.8 mg/kg for PA, 327.0 and 276.1 mg/kg for PP, and 367.7 and 321.9 mg/kg for PE. The values for PE-packed fillets were significantly (p < 0.05) higher than those of the two other packages. (Figs. 1b and 1c) .
All biogenic amines except agmatine, were determined on day 8, although their levels were low in PE packages. The content of 2-phenylethylamine in PE packed was significantly (p < 0.05) higher than that in PP and PA packed at the end of storage. The tryptamine concentration in PE packed was revealed after 8 days and in PA and PP after 12 days and reached a maximum on the 16th day and thereafter, declined in all cases. Spermidine and spermine were present at low concentrations, and these levels are in agreement with the results reported for aerobically stored gilt-headed sea bream [22] and for various sea fish species, including salmon, rockfish, lobster, and shrimp. [23] The maximum recommended level of tyramine in food is 100-800 mg/kg; [24] however, it is not specific for seafood. Tyramine content was present in low concentrations of 42.4, 30.5, and 33.1 mg/kg after 16 days in samples packed with PA, PP, and PE packaging materials, respectively, but decreased subsequently in all the samples. These values were three to four times higher than those recorded for freshwater carp (<10 mg/kg) by Krizek et al. [25] Significant differences (p < 0.05) were observed in agmatine content among samples stored in the three different packaging materials throughout the storage duration (Table 1) . A significant difference (p < 0.05) was observed between the concentration of total biogenic amines in the Biogenic amines (means ± standard deviation) with different upper case in the row (for the same packaging films and different days) and different lower case in the column (for the same biogenic amines and different packaging films) indicated significant difference (p < 0.05).
PA: polyamide; PP: polypropylene; PE: polyethylene; ND: not detected (<0.50 mg/kg).
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PA-packed fillet and PP-and PE-packed fillets. These values reached the rejection point (>300 mg/kg) as suggested by European Community (EC) [26] after 12 days in PP and PE and after 16 days in PA films (Fig. 1d) .
TPC
The changes in total aerobic microorganisms are shown in Fig. 2a . The initial TPC of barramundi fillets was 3.52 log colony forming units (CFU)/g, considered as acceptable bacterial load and exceeded the acceptable limit of 6 log CFU/g [18] on the 12th day of storage. The number of total aerobic microorganisms was higher in PE-and PP-packed fillets at initial value compared with PA packed, which had the lowest count. Lowest TPC was obtained from barramundi fillets kept in PA, indicating that the presence of CO 2 in the pack and its low transmission rate during storage inhibited the growth of TPC, preventing spoilage extending the shelf life of the fish.
Psychrotrophic Bacteria
The changes in the psychrotrophic bacteria count of the barramundi fillets packed in the packages (PA, PP, and PE) are shown in Fig. 2b . In all of the cases, after 8 days of storage, the psychrotrophic bacteria in PE-packed fillets were significantly (p < 0.05) different from those in PP-and PA-packed (Fig. 2b) . The low permeability of PA limits the transmission of CO 2 from 2712 the environment and maintains its level in the headspace. Significant reduction (p < 0.05) was observed in the present study in the growth rates of psychrotrophic in PA-packed barramundi fillets compared with those with high PP and PE. The number of psychrotrophic bacteria exceeded 7 log CFU/g (the limit of psychrotrophic bacteria) [27, 28] for the PP-and PE-packed after 12 days; however, it took 16 days to reach this value for the PA-packed.
HFB
Changes in the number of HFB of barramundi stored in PA-, PP-, and PE-packed materials are shown in Fig. 2c . HFB increased in all treatments with increasing storage time. Ozogul et al. [29] reported that the histamine content of sardine stored at 4°C increased rapidly when the number of HFB in nylon-PE bags reached above 5 log CFU/g. There was a significant difference (p < 0.05) in the HFB between PA and other packed samples; however, no significant difference (p > 0.05) was seen between the PP-and PE-packed. Rodriguez-Jerez et al. [30] and Pacheco-Aguilar et al. [31] mentioned that most microorganisms described as histamine formers belong to the Enterobacteriaceae family, and similar to other Proteobacteria, they are gram-negative facultative anaerobes. Gram-negative bacteria have been identified as the main bacterial groups responsible for histamine formation in seafood; however, gram-positive bacteria have also been implicated. [32] Some gram-positive bacteria, such as lactic acid bacteria, exhibit facultative anaerobic behavior and are able to produce histamine.
[33] 
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Anaerobic Bacteria
The number of anaerobic bacteria decreased during the first 4 days of storage (Fig. 2d) , probably because of the inhibitory effect of CO 2 concentration at 8°C. All samples packed in PA had significantly (p < 0.05) lower anaerobic bacteria than PP and PE samples during the 12 days of storage. However, there was no significant difference (p > 0.05) between PP and PE during these days. From the 4th day, because of facultative anaerobic behavior, [34] an exponential increase was observed in growth of anaerobic bacteria and subsequently reached the same level for TPC and HFB.
TVB-N
The concentration of TVB-N in freshly caught fish is typically between 5 and 20 mg N/100 g, whereas the acceptable limit for marine fish is 30-35 mg N/100 g of flesh. [35, 36] No regulation has been specified for freshwater and brackish water fish. The concentrations of TVB-N present in the barramundi fillets packed in PA, PP, and PE are shown in Fig. 3 . At the beginning of storage, the TVB-N value was 12.55 mg N/100 g of flesh of barramundi fillets. The release of total volatile bases increased to 28.47, 34.53, and 39.99 mg N/100 g in PA, PP, and PE films after 12 days of storage. Significant differences (p < 0.05) were found between the barramundi fillet stored in PA, PP, and PE after 8 days of storage. However, there were no significant differences (p > 0.05) between the TVB-N values at different stages of storage of the barramundi fillets in PP and PE. Because TVB-N is produced mainly by bacterial decomposition of fish flesh, [35, [37] [38] [39] the higher values of TPC of the sample in PE bags after 12 days of storage (7.03 log CFU/g) could account for the higher TVB-N values in packed samples. 
Headspace Gas Composition in MAP
Gaseous environment within a modified atmosphere pack is not static, probably due to the permeability of packaging material, microbial growth, and respiration of the product or the absorption of gas by the food. [40] The gas composition of each package changes significantly (p < 0.05) within the storage period. The changes in O 2 and CO 2 concentration in barramundi fillets packed in PA, PP, and PE films are shown in Fig. 4 . A rapid increase in the concentration of O 2 during the 4th day of storage might be due to high pressure of O 2 outside the package and leakage into the package, after which, the O 2 concentration gradually decreases until the 12th day and suddenly drops because of microbial growth and permeability of packaging material to 3.6, 1.2, and 1.1% in PA-, PP-, and PE-packed, respectively, at the end of the storage period.
The changes in O 2 and CO 2 concentration were lower for barramundi fillets stored in PA due to low permeability compared with changes in PP-and PE-packed (Fig. 4) . A significant increase in CO 2 concentration was observed (p < 0.05) after 12 days in all packages, except in the PE packs wherein the CO 2 concentration dropped significantly (p < 0.05) to 15.33% because of low permeability and a high population of microflora (9.61 log CFU/g) at the end of the storage period. This result is as anticipated because of the absorption of CO 2 fillets, [41] but this decline cannot be monitored just for microbial growth. During storage, the majority of microorganisms utilize available oxygen in the headspace, whereas some microflora, such as B. thermosphacta and lactic acid bacteria, produce CO 2 as a metabolic product. [41] FIGURE 4 Changes in the headspace composition of O 2 and CO 2 in barramundi fillets packed at different films (n = 3). Different lower case (for the same gas and different days) indicated significant difference (p < 0.05).
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CONCLUSIONS
The results of this research have highlighted that among three different packaging materials (PA, PP, and PE) for the barramundi fillets, the concentration of total biogenic amines, individual important amines, that is, histamine, putrescine, and cadaverine, TVB-N, and microbial count in PA film was significantly lower than PP and PE films. Shelf life evaluation of the barramundi fillets stored at 8°C for 20 days showed that significant differences existed among the various packaging films on the basis of the TVB-N and microbiological parameters considered. The correlations found among microbial changes in barramundi fillets during storage and biogenic amines formation, highlighted that biogenic amines were principally increased when the count of HFB were increased over the time.
